Introduction
High-fecundity Booroola ewes contain a major gene(s) (F) which influences their ovulation rate (see Bindon, 1984 , for review). Homozygous (FF), heterozygous (F + ) and non-carriers (++) of the putative gene have been segregated on the basis of at least one ovulation rate recording of 5= 5, 3 or 4 and 1 or 2 respectively (Davis et ai, 1982) . The endocrine basis for the high ovulation rate in Booroola ewes has been the subject of several recent reports. It has been established that F-gene carriers have ovarian follicles with higher tissue levels of adenosine cyclic 3',5'-monophosphate (cAMP) compared to those in similar-sized follicles from non-carriers (+-1-) (McNatty et ai, 1986a) . Also, ovarian follicles in F-gene carriers are more sensitive than those in ++ ewes to follicle-stimulating hormone (FSH) and luteinizing hormone (LH) with respect to cAMP synthesis (Henderson et ai, 1985; McNatty et ai, 1986a) . Furthermore, in F-gene carriers, granulosa cells synthesize oestradiol, acquire functional LH receptors and the follicles ovulate at a smaller diameter than do those in +-1-Booroola ewes (Henderson et ai, 1985; McNatty et ai, 1985b McNatty et ai, , 1986c . However, despite these differences at the ovarian level, it is not known whether the principal site(s) of F-gene expression are in the ovary or elsewhere.
It seems reasonable to expect that the anterior pituitary might be an important, if not principal, site of F-gene expression (Bindon, 1984) since FSH is known to exert a major influence on follicular viability, the level of oestradiol synthesis and the ovulation rate (Wright et ai, 1981; McNatty et ai, 1985a; Henderson et ai, 1987) . Support for this notion has come from the studies of Robertson et al. (1984) and Bindon (1984) , who showed that the pituitary FSH contents of Booroola Merinos were higher than in non-Booroola Merino controls. Consistent with these findings are those show¬ ing that the plasma concentrations of FSH in 30-day-old Booroola lambs were higher than in similarly aged non-Booroola lambs (Findlay & Bindon, 1976) . In contrast, however, the plasma values of FSH in 60-and 90-day-old lambs did not differ between Booroola and non-Booroola Merinos. In mature ewes, the plasma and urine concentrations of FSH in Booroola Merinos have sometimes been found to differ from those in control Merinos (Bindon, 1984; Bindon et ai, 1985 (Bindon, 1984) . 1984) . On the day before blood sampling, the ewes were penned indoors and each was fitted with an intrajugular cannula. When blood sampling began, the animals were bled (2-5 ml) via the jugular cannulae once hourly for 66 consecutive hours as well as for 10-min intervals from -6 to 0 h before or 6 to 12 h and 24 to 30 h after cloprostenol injection. Cloprostenol was injected after the first 6 h of sampling. Oestrous activity was recorded in all ewes by using two vasectomized rams with marking harnesses which were introduced to the ewes 24 h after cloprostenol injection. At 7 days after the end of the intensive blood sampling regimen, all animals were subjected to laparoscopy to deter¬ mine their ovulation rate. The blood samples which were taken at -6, 0, 6, 18, 24 and 36 h were also assayed for progesterone to investigate the patterns of luteolysis in the different genotypes. (1981) . The antiserum (WA-26) was raised in an ovariectomized ewe against progesterone-1 la-hemisuccinate conjugated to bovine serum albumin and used at an initial dilution of 1:8000. Major cross-reacting steroids in the assay were 11a-hydroxyprogesterone (120%), 11 ß-hydroxyprogesterone (25%), 20a-dihydroprogesterone (3-5%) and andro¬ stenedione (0-45%). The minimum detectable level of progesterone was 0-15 ng/ml. The intra-and interassay coefficients of variation were 10-6 and 140% respectively.
FSH. The radioimmunoassay kit was that supplied by The National Institute of Arthritis, Metabolism and Digestive Diseases (NIAMDD), Bethesda, Maryland, U.S.A. The ovine (o) FSH for iodination was NIAMDDoFSH-1-1, the oFSH reference preparation was NIAMDD-oFSH-RP-1 (biopotency 75 NIH-FSH-S1) and the oFSH antiserum was NIAMDD-anti-oFSH-1 (AFP-C5288113). At a final FSH antiserum dilution of 1:80 000 this homologous assay had a working range of 001 to 5 ng per assay tube. The volume of plasma which was assayed was 0-1 ml and each sample was assayed in duplicate. When assaying the pituitary homogenates for FSH, the homogenates were serially diluted 1/80, 1/160, 1/320, 1/640, 1/1280, 1/2560 in assay buffer (0-01 M-phosphate-buffered saline + 2% normal rabbit serum, pH = 6-8) and 50 µ aliquants at each dilution in quadruplicate were assayed for FSH content. The intra-and interassay coefficients of variation were 6-3 and 9-6%.
LH. The radioimmunoassay for LH was identical to that described by McNatty et al. (1981) . The LH antiserum was raised in a rabbit against NIH-LH-S11 and used at an initial dilution of 1:40 000. The antiserum exhibited low cross-reactivity reactions with NIH-P-S12 (009%), NIH-TSH-S8 (2-4%), NIH-GH-S11 (0-4%) and NIH-FSH-S10 (0-4%). The volume of plasma which was assayed was 0-2 ml and each sample was assayed in duplicate. When assaying the pituitary homogenates for LH, the homogenates were serially diluted 1/1000, 1/2000, 1/4000, 1/8000, 1/ 16 000, 1/32 000 in assay buffer (001 m phosphate buffer + 2% normal rabbit serum, pH6-8) and 100µ aliquants were assayed for LH content. The minimum detectable level of LH was 0-3 ng/ml plasma. The intra-and interassay coefficients of variation were < 10 and < 13% respectively.
Data presentation and statistical analysis
When the raw data were normally distributed (i.e. as assessed from the N-score on Minitab), the results are expressed as means + s.e.m., but when not normally distributed the results were either normalized by log transform¬ ation and presented as geometric means (and 95% confidence limits) or presented as medians (and 95% confidence limits). The only exception to this was for Fig. 1 ( 1982) . The LH peaks were identified from the Pulsar program using the values of 3-8, 2-6, 1-9, 1-5 and 1-2 for G(l), G(2), G(3), G(4) and G (5) 0-3, 0-4, 0-6, 0-8, 1-5, 3-3, 40, 4-5, 50, 60, 80 after the cloprostenol-induced follicular phase were 4-5 ± 0-3,2-8 ± 0-1 and 1-3 ± 01 respectively. Progesterone. At -6, 0, 6, 18, 24 and 36 h from cloprostenol injection, the respective mean (±s.e.m.) plasma concentrations of progesterone were 2-5 ( + 0-3), 2-3 (±0-3), 1-2 (±0-1), 0-6 ( ± 01), 0-4 (± 0-06) and 0-2 ( + 0-03) ng/ml for the ++ ewes(N = 12), 2-7 (±0-2), 2-7 ( ± 0-3), 1-1 (±01), 0-7 (±01), 0-4 (±008) and 0-2 (±0-06)ng/ml for the F+ ewes (N = 9) and 2-8 (±0-2), 2-9 (±0-4), 1-2 (±0-1), 0-7 (±0-09), 0-5 (±004) and 0-3 (±0-03) ng/ml for the FF ewes (N = 12). FSH. These data are summarized in Fig. 1(a) . The overall mean ± s.e.m. values before cloprostenol injection were 2-4 ± 0-3, 1-6 ± 0-2 and 1-4 ± 0-2 ng/ml respectively for the FF Fig. 1(b 1-4 ± 0-2, 3-3 ± 0-3 and 4-9 ± 0-3 respectively.
Effects of GnRH on the plasma concentrations of LH and FSH with respect to GnRH dose and Booroola genotype (Exp. 4) The mean ± s.e.m. concentrations for LH in the FF, F+ and ++ ewes before GnRH injection were 1-7 ± 01, 11 ± 01 and 0-9 ± 005 ng/ml (N = 10/genotype). The concentrations in FF ewes were significantly higher than those in F+ (P < 005) and ++ ewes (P < 0-01; ANOVA, Neuman-Keuls test); the concentrations in F+ and ++ ewes were not significantly different from one another. At 10 min after GnRH injection, and irrespective of GnRH dose, all LH values were elevated (> 2-5-fold) with respect to the pretreatment values. Thereafter, depending on the GnRH dose, the LH values remained elevated for between 0-5 and 50 h; after these times the plasma LH concentrations returned to the pretreatment levels. Fig. 2 ), significant effects of genotype (P < 001), GnRH dose (P < 001) and genotype dose interaction (P < 0-01) were noted with respect to both the scaled LH peak values and scaled LH peak areas. The mean ± s.e.m. concentrations for FSH in the FF, F+ and ++ ewes before GnRH injec¬ tion were 2-5 ± 0-1, 1-8 ± 0-1, 1-3 ± 0-1 (N = 10 sheep/genotype). The concentrations in FF ewes were significantly higher than those in F+ (P < 0-05) and ++ ewes (P < 001; ANO VA, Neuman Keuls test); the mean concentrations for F + and ++ ewes were not significantly different from one another. (i.e. < 2-fold) for all but the highest GnRH dose (i.e. 250 µg). After the 25 µg injection, the scaled peak FSH values in the ++ and F+ ewes (N = 2ewes/genotype) increased 2-5-to 4-3-fold; in these animals FSH was elevated for the first 3 h after GnRH treatment. The scaled FSH peak areas followed a pattern similar to those described for the peak values. Thereafter, in these 4 animals and in all the others, the FSH concentrations either returned to the pretreatment values or to concen¬ trations lower than those before treatment. (Bindon, 1984) . However, they do not establish whether the F-gene differences in pituitary function are a cause or a consequence of Fgene expression in some other tissue such as the ovary or hypothalamus.
It is possible that some of the ewes were misclassified with respect to genotype. Davis et ai (1982) found that 3% of New Zealand Merino ewes with a mean ± s.e.m. ovulation rate of 1-39 ± 0-02 may have a triple ovulation at least once in their lifetime and 7% of F+ ewes from the same flock were misclassified as FFs. Ewes in the present study were also generated from the same sources of animals reported in the above study. It therefore seems reasonable to assume that the numbers of misclassified ewes in the present study were small. Moreover, errors of the aforemen¬ tioned magnitudes are unlikely to affect the overall conclusions of this study since they would tend to reduce the observed differences between the three groups.
In Romney ewes, exogenous FSH is known to increase oestrogen synthetase (aromatase) activity in granulosa cells from 3-4-5 mm diameter follicles to levels similar to those in cells from preovulatory follicles (i.e. >5mm diam.) of the controls (McNatty et ai, 1985a) . Perhaps the exposure of ovaries in FF and F + ewes to higher FSH concentrations compared to that in ++ ewes is the reason why peak levels of aromatase activity as well as LH receptors are observed in the granulosa cells of 3-4-5 mm diameter follicles in F-gene carriers whereas in ++ ewes these charac¬ teristics are not observed unless the granulosa cells are recovered from follicles^5 mm diameter (Henderson et ai, 1985; McNatty et ai, 1986a) . If this is so, then the elevated FSH concentrations in F-gene carriers may be partly responsible for the maturation of follicles at smaller diameters (i.e. 3-5 mm) than in ++ ewes (i.e.^5 mm).
In contrast with previous reports (see Bindon, 1984 , for review), the present studies have shown a consistent correlation between plasma LH concentrations and Booroola genotype. In the earlier studies, the blood sampling frequencies were at 20-min intervals and so possible gene-specific differences in LH amplitude may have been missed. Moreover, it is difficult to discern from the earlier studies the accuracy of the genotypic classifications. And, as mentioned earlier, errors due to misclassification may mask any putative gene-specific differences in gonadotrophin secretion. In the present study, the gene-specific differences in LH secretion arose because the amplitude of each LH pulse was 2-3 times greater in FF compared to ++ ewes, with those for F+ ewes being in between. In all three genotypes, the LH pulse frequencies were similar. The (Clarke et ai, 1986) . It has been suggested that differences in the production of ovarian inhibin, a protein present in high concentrations in follicular fluid, may lead to F genespecific differences in FSH secretion and thereby the ovulation rate in Booroola ewes (Cummins et ai, 1983; Bindon, 1984) . Perhaps differences in the production of a follicular protein (i.e. inhibin?) may also be responsible for the gene-specific differences in LH pulse amplitude. However, an alternative explanation might be that the above differences in LH pulse amplitude are indicative of gene-specific differences in the amplitudes and/or the widths of the hypothalamic GnRH pulses (Mclntosh & Mclntosh, 1983b) , independent of inhibin feedback.
Notwithstanding the underlying mechanisms leading to gene-specific differences in LH pulse amplitudes these might be important for stimulating a level of steroid synthesis in F-gene carriers comparable to that in ++ ewes. The ovarian secretion rates of androstenedione, testosterone and oestradiol are not significantly different between the genotypes during the luteal-or cloprostenolinduced follicular phase (McNatty et ai, 1985b;  unpublished data). Moreover, it is known that granulosa cell oestradiol synthesis is critically dependent on theca interna androgen synthesis (Baird, 1977) and that, under in-vitro conditions, thecal androgen output is directly proportional to the wet weight of tissue (McNatty et ai, 1984 (McNatty et ai, 1985b (McNatty et ai, , 1986b Bindon, 1984; Robertson et ai, 1984) . Collectively, these findings from the GnRH experiments suggest that the pituitary glands in F-gene carriers may experience a different pattern of endogenous GnRH secretion relative to that in ++ ewes. However, the possibility cannot be discounted that the pituitary glands in the F-gene carriers have a different level of sensitivity to GnRh than is the case in the ++ ewes.
In conclusion, the present studies have shown that significant gene-specific differences exist in the plasma concentrations of FSH and LH and for LH, at least, that these differences are due to the pituitary release of LH at higher amplitudes in F-gene carriers than in ++ ewes. These findings, together with those showing gene-specific differences in pituitary sensitivity to GnRH raise the
